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Abstract
A photolabile triazene polymer was irradiated with a KrF (248 nm) and a XeCl (308 nm) excimer laser. The resulting ablation
fragments were analyzed using time of ¯ight mass spectroscopy (TOF-MS). The peak intensities of the main ablation fragments
reveal a pronounced in¯uence of the irradiation wavelength and ¯uence. After 248 nm irradiation the peak intensities of all polymer
fragments reach maxima at high ¯uences whereas after 308 nm irradiation only the 168 amu peak intensity reaches a maximum.
All other analyzed fragments (28, 35 and 76/77 amu) do not reveal a maximum. The time of arrival curves of the decomposition
products at both irradiation wavelengths are composed of three distinctive components. Two quite sharp peaks are ®tted by a
Gaussian distribution, whereas a third broad peak is described by a decaying Maxwell±Boltzmann distribution. The ®rst fast peak is
attributed to the fragments produced during the laser pulse. The second peak was detected around 100 ms after the laser pulse. The
peak is very sensitive to the alignment of the setup, but very insensitive to changes in the electrical ®elds, and was still pronounced
after grounding the ionizer. Therefore the peak was assigned to excited neutral nitrogen molecules (metastable N2).
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1. Introduction
In the last two decades the ablation of polymers has
been studied in detail. Despite the use of variety of
characterization techniques, the ablation mechanism
is still controversial. It has been repeatedly emphasized [1,2] that it is important to analyze the product
distribution and the kinetic energy in order to understand the ablation process. Many different polymers
were studied under different experimental conditions
using time of ¯ight mass spectroscopy (TOF-MS). The
fragments which are released during the ablation
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process range from small degradation products
[3,4], to monomers [5,6], to carbon clusters [7], and
polymer fragments with masses up to 2500 amu [8,9].
The kinetic energies of many fragments follow a
Maxwell±Boltzmann distribution with temperatures
consistent with a photothermal decomposition process
[10±12], whereas for other polymer fragments much
higher temperatures were derived [13,14].
A photolabile triazene polymer with excellent laser
ablation properties (sharp ablation edges, no debris,
low threshold ¯uence and high etch rates at low
¯uences [15]) has been studied previously by TOFMS [16,17]. The time of arrival curves could not be
explained by simple Maxwell±Boltzmann energy distributions. The polymer was irradiated with a KrF
excimer laser (248 nm) and only the 28 and 76 amu
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fragments were analyzed. In this work we study the
differences in the TOF-MS measurements after irradiation with a KrF (248 nm) and a XeCl excimer laser
(308 nm). This is especially interesting as the absorption band of the triazeno group is located around
330 nm. Additional masses, i.e. 35 amu (chlorine from
the solvent), and 168 amu (a primary fragment from
the polymer) were included in the analysis.

techniques. The employed model was described in
detail elsewhere [16,17]. Brie¯y, the emission of the
slow component is described by a thermally activated
process, while the fast components were ®tted to
Gaussian energy distributions appropriate for either
ground state or excited neutrals.

2. Experimental

3.1. Fluence dependence of the fragment intensities

The synthesis of the triazene polymer is described
in detail elsewhere [18]. The repetition unit and the
suggested exothermic decomposition pathway of the
polymer are described in Fig. 1. The UV±Vis absorption spectrum of the polymer shows two absorption
maxima. The absorption maximum around 330 nm is
mainly due to the triazeno group, whereas the absorption maximum at 200 nm can be assigned to the
aromatic system [19]. The absorption minimum
between these bands is centered near 250 nm. The
polymer samples were prepared by solvent casting
from a chlorobenzene solution (10 wt.%) and kept in
vacuum overnight. The polymer ®lms were irradiated
with excimer lasers (Lambda Physik EMG 203 MSC
(XeCl) and Lambda Physik LPX 205 I (KrF)).
The emissions were detected with a UTI 100C quadrupole mass spectrometer with the ionizer mounted
10.5 cm from the sample. Time of arrival signals for
the different species were recorded with an EG&G
PARC 914P multichannel scaler. The kinetic energies
of the fragments were analyzed with curve ®tting

The suggested decomposition scheme (Fig. 1) of the
polymer shows one major fragment (N2, 28 amu) from
the decomposition of the triazeno group. Other primary fragments are 168 amu (biphenylether) and
142 amu from the aliphatic diamine group. No attempt
was made to resolve fragments at 77 and 76 amu; these
may correspond to either products of direct ablation
products or to products of secondary decomposition of
the biphenylether moiety or residual solvent (chlorobenzene). The 35 amu signal can be uniquely
assigned to chlorine from residual solvent.
The peak intensities of the different fragments after
irradiation with a XeCl excimer laser at different
¯uences is shown in Fig. 2. The ¯uence dependence
of the N2 fragment exhibits a linear behavior at low
¯uences (not shown) corresponding to photodecomposition. At ¯uences above 40 mJ cm 2, a fast (nonlinear) increase is observed. This non-linear behavior
is probably due to the onset of ablation, which is
de®ned as the start of material removal. Ablation is
normally associated with enhanced fragmentation and

3. Results and discussion

Fig. 1. Chemical structure and suggested decomposition pathway of the triazene polymer.
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Fig. 2. Fluence dependence of the peak intensities of the fragments
after irradiation with a XeCl excimer laser.

a higher quantum yield then in the photodecomposition. These changes in the increase of the peak intensities occur in the range (25±50 mJ cm 2), where the
ablation threshold was detected by other methods
[19,20]. The 35 amu signal exhibits a strongly nonlinear behavior over the whole ¯uence range. This can
be explained by two different factors. At low ¯uences,
the signal may be weak because of a dense surface
layer with less solvent, as suggested in previous work
with PMMA [14]. This layer is ablated at higher
¯uences, which results in the decomposition of polymer with a higher solvent concentration. Another
factor could be higher surface temperatures at higher
¯uences, which may thermally decompose chlorobenzene. The 76/77 amu fragment is due to the decomposition of the solvent and secondary fragmentation of
the biphenylether group (168 amu). At lower ¯uences,
the 76/77 amu appears similar in shape to the 35 amu
signal, while at higher ¯uences, it correlates better
with the 168 amu fragment. At low ¯uences the
168 amu signals increase is similar to the 28 amu
signal, but it plateaus at higher ¯uences, probably
due to secondary fragmentation.
The ¯uence dependence of the peak intensities
under 248 nm irradiation is signi®cantly different,
as shown in Fig. 3. At 28 amu, no linear increase at
low ¯uences is detected, while at high ¯uences the
signal plateaus. This effect is probably due to absorption of incoming photons by aromatic fragments,
which are released during ablation. The 35 amu curve
increases slowly at the beginning and much faster at
high ¯uences, similar to its behavior at 308 nm. The
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Fig. 3. Fluence dependence of the peak intensities of the fragments
after irradiation with a KrF excimer laser.

76/77 amu signal increases slowly at low ¯uences,
reaches a peak at about 170 mJ cm 2, then decreases
slightly. Signi®cantly, the 168 amu signal displays
similar behavior, but peaks earlier, at about 130
mJ cm 2. We attribute part of the increase in the
76/77 amu fragment between 130 and 170 mJ cm 2
to fragmentation of the 168 amu (biphenylether) fragment. At still higher ¯uences, photodecomposition of
phenyl moieties would decrease the signals at both 76/
77 and 168 amu.
3.2. Time of arrival curves
Fig. 4 shows the TOF curves of the N2 fragment for
both irradiation wavelengths. Both curves show three
distinct components. A fast component with a peak
TOF signal around 40 ms is detected after irradiation
with both laser wavelengths. This peak was modeled
by a Gaussian energy distribution and can be attributed
to the fast fragments described in the previous papers
[16,17]. Around 70 ms (308 nm) and 95 ms (248 nm)
after the laser pulse, respectively, a second peak
appears. This peak was not detected in the previous
measurements with this polymer.
This peak is very sensitive to the alignment of the
sample with respect to the quadrupole. The peak
becomes prominent only in the presence of a line-ofsight path from the laser spot, through two internal
apertures, and terminated on the quadrupole particle
detector. Great care was taken in the present measurements to insure accurate alignment. Additional analysis
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component of the TOF curves consists of a broad tail,
which extends hundreds of microseconds after the
laser pulse. The tail was ®tted by a Maxwell±Boltzmann distribution with decaying temperature as
described previously [16,17].
Fig. 5 shows the ¯uence dependence of the kinetic
energy of the fast peak. A linear increase is observed
for low ¯uences at 248 nm, followed by a plateau at
higher ¯uences (>250 mJ cm 2). A similar linear
increase of the kinetic energy with ¯uence is obtained
at 308 nm; at the highest ¯uences, the kinetic energies
of the fast peak exceed those observed at 248 nm. At
both wavelengths, the observed kinetic energies are
well above values expected from thermal emission
processes.

Fig. 4. Time of arrival curves of the 28 amu fragment after
irradiation with a ¯uence of 260 mJ cm 2 with (a) XeCl, and (b)
KrF excimer laser. The ®ts to the components are included in the
®gure.

of this peak revealed that the mass ®lter had little
effect on the signal intensity. Similarly, strong electric
®elds applied to the ionizer optics had little effect.
Therefore, we attribute this peak to uncharged neutral
fragments. In this work, detection of neutral particles
requires internal energies of at least 4±5 eV. A most
likely candidate for such fragments is the ®rst excited
electronic state of the N2 molecule (A3 S
u ). The third

4. Conclusions
The peak intensities of the mass selected TOF
signals are profoundly in¯uenced by irradiation wavelength and ¯uence. After 248 nm irradiation an
enhanced fragmentation of the heavier fragments is
observed. This is probably due to absorption of the
incoming laser beam by absorbing fragments, e.g. the
phenyl and the biphenylether fragments. This shielding effect limits the number of photons reaching the
surface, which is supported by the lower etch rates at
248 nm irradiation at higher ¯uences [21]. The time of
arrival curves show three distinctive components:
two fast peaks were observed, which were ®tted to
Gaussian energy distributions, along with a third,
slow peak, which was ®tted by a decaying Maxwell±Boltzmann distribution. The arrival time of the
fastest peak corresponds to kinetic energies of 2±5 eV,
which are well above values expected for thermal
processes. A second peak was attributed to metastable
N2, while the third peak may be described by a thermal
process.
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